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DISPLAY DEVICE The present disclosure provides a display device . The 
display device includes a light - emitting unit . The light 

CROSS REFERENCE TO RELATED emitting unit includes a light - emitting part having a first 
APPLICATIONS surface and a second surface opposite to the first surface . 

5 The light - emitting unit also includes a connective part 
This application claims priority of China Patent Applica adjacent to the second surface of the light - emitting part . The 

tion No. 201710813708.2 filed on Sep. 11 , 2017 , which light - emitting unit further includes a protective part sur 
claims the benefit of priority from a provisional application rounding the light - emitting part and the connective part . In 
of U.S. Patent Application No. 62 / 479,326 filed on Mar. 31 , addition , the light - emitting unit includes a transparent struc 
2017 and a provisional application of U.S. Patent Applica- 10 ture disposed on the first surface of the light - emitting part . 
tion No. 62 / 500,539 filed on May 2017 , the entirety of The display device also includes a substrate having a plu 
which is incorporated by reference herein . rality of active elements and at least one bonding pad , 

wherein the bonding pad is electrically connected to the 
BACKGROUND OF THE INVENTION corresponding connective part of the light - emitting unit . The 

15 refractive index of the transparent structure decreases along 
Field of the Invention a direction from the second surface to the first surface of the 

light - emitting part . 
The embodiments of the disclosure relate to a display A detailed description is given in the following embodi 

device , and in particular to a display device with a micro ments with reference to the accompanying drawings . 
light - emitting diode . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Description of the Related Art 

The disclosure may be more fully understood by reading 
As digital technology develops , display devices are being the subsequent detailed description and examples with ref 

used more widely in society . For example , display devices 25 erences made to the accompanying drawings , wherein : 
have been applied to modern information and communica FIGS . 1A and 1B are cross - sectional views of various 
tion devices such as televisions , notebooks , computers , stages of a process for forming a display device having a 
mobile phones and smartphones . In addition , each genera bonding layer with a high melting point in accordance with 
tion of display devices has been developed to be thinner , some embodiments of the present disclosure ; 
lighter , smaller , and more fashionable than the previous 30 FIG . 1C is a graph of a distribution of a concentration 
generation . These display devices include light - emitting against position of a second component of the bonding layer 
diode display devices . in accordance with some embodiments of the present dis 

The recombination radiation of electron and hole in the closure ; 
light - emitting diode may produce electromagnetic radiation FIGS . 2A and 2B are cross - sectional views of various 
( such as light ) through the current at the p - n junction . For 35 stages of a process for forming a display device having a 
example , in the forward bias p - n junction formed by direct bonding layer with a high melting point in accordance with 
band gap materials such as GaAs or GaN , the recombination some embodiments of the present disclosure ; 
of electron and hole injected into the depletion region results FIG . 2C is a graph of a distribution of a concentration 
in electromagnetic radiation such as light . The aforemen against position of a second component of the bonding layer 
tioned electromagnetic radiation may lie in the visible region 40 in accordance with some embodiments of the present dis 
or the non - visible region . Materials with different band gaps closure ; 
may be used to form light - emitting diodes of different FIGS . 3A and 3B are cross - sectional views of various 
colors . stages of a process for forming a display device having a 

Since mass production has recently become a trend in the bonding layer with a high melting point in accordance with 
light - emitting diode industry , any increase in the yield of 45 some embodiments of the present disclosure ; 
manufacturing light - emitting diodes will reduce costs and FIG . 3C is a graph of a distribution of a concentration 
result in huge economic benefits . However , existing display against position of a second component of the bonding layer 
devices have not been satisfactory in every respect . in accordance with some embodiments of the present dis 

Therefore , a cost - effective display device is needed . closure ; 
FIG . 4 is a cross - sectional view of a display device in 

BRIEF SUMMARY OF THE INVENTION accordance with some embodiments of the present disclo 
sure ; 

The present disclosure provides a display device . The FIG . 5 is a cross - sectional view of a display device in 
display device includes a light - emitting unit . The light accordance with some embodiments of the present disclo 
emitting unit includes a light - emitting part , wherein a light 55 sure ; 
extraction structure is disposed on a first surface of the FIG . 6 is a cross - sectional view of a display device in 
light - emitting part . The light - emitting unit also includes a accordance with some embodiments of the present disclo 
connective part disposed on a second surface opposite to the sure ; 
first surface of the light - emitting part . The light - emitting unit FIG . 7 is a cross - sectional view of a display device in 
further includes a protective part surrounding the light- 60 accordance with some embodiments of the present disclo 
emitting part and the connective part . In addition , the display sure ; 
device includes a substrate having a plurality of active FIG . 8 is a cross - sectional view of a display device in 
elements and at least one bonding pad , wherein the bonding accordance with some embodiments of the present disclo 
pad is electrically connected to the corresponding connec sure ; 
tive part of the light - emitting unit . The roughness of the light 65 FIG . 9 is a cross - sectional view of a display device in 
extraction structure is greater than or equal to 0.2 um and accordance with some embodiments of the present disclo 
less than or equal to 5 um . sure ; 

50 
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FIG . 10 is a cross - sectional view of a display device in In addition , in this specification , relative expressions are 
accordance with some embodiments of the present disclo used . For example , “ lower ” , “ bottom ” , “ higher ” or “ top ” are 
sure ; used to describe the position of one element relative to 

FIG . 11 is a cross - sectional view of a display device in another . It should be appreciated that if a device is flipped 
accordance with some embodiments of the present disclo- 5 upside down , an element that is “ lower ” will become an 
sure ; element that is “ higher ” . 

FIG . 12 is a cross - sectional view of a display device in The terms “ about ” and “ substantially ” typically mean 
accordance with some embodiments of the present disclo +/- 20 % of the stated value , more typically +/- 10 % of the 

stated value , more typically +/- 5 % of the stated value , more sure ; FIG . 13 is a cross - sectional view of a display device in 10 typically +/- 3 % of the stated value , more typically +/- 2 % of the stated value , more typically +/- 1 % of the stated value accordance with some embodiments of the present disclo and even more typically +/- 0.5 % of the stated value . The 
sure ; stated value of the present disclosure is an approximate FIG . 14 is a cross - sectional view of a display device in value . When there is no specific description , the stated value accordance with some embodiments of the present disclo 15 includes the meaning of “ about ” or “ substantially ” . 
sure ; It should be understood that , although the terms first , 

FIG . 15 is a cross - sectional view of a display device in second , third etc. may be used herein to describe various 
accordance with some embodiments of the present disclo elements , components , regions , layers , portions and / or sec 
sure ; tions , these elements , components , regions , layers , portions 

FIGS . 16A - 16F are cross - sectional views of various 20 and / or sections should not be limited by these terms . These 
stages of a process for attaching a light - emitting unit to a terms are only used to distinguish one element , component , 
substrate in accordance with some embodiments of the region , layer , portion or section from another region , layer or 
present disclosure ; section . Thus , a first element , component , region , layer , 

FIGS . 17A - 17E are cross - sectional views of various portion or section discussed below could be termed a second 
stages of a process for attaching a light - emitting unit to a 25 element , component , region , layer , portion or section with 
substrate in accordance with some embodiments of the out departing from the teachings of the present disclosure . 
present disclosure ; Unless defined otherwise , all technical and scientific 

terms used herein have the same meaning as commonly 
DETAILED DESCRIPTION OF THE understood by one of ordinary skill in the art to which this 

INVENTION 30 disclosure belongs . It should be appreciated that , in each 
case , the term , which is defined in a commonly used 

The display device of the present disclosure is described dictionary , should be interpreted as having a meaning that 
in detail in the following description . In the following conforms to the relative skills of the present disclosure and 
detailed description , for purposes of explanation , numerous the background or the context of the present disclosure , and 
specific details and embodiments are set forth in order to 35 should not be interpreted in an idealized or overly formal 
provide a thorough understanding of the present disclosure . manner unless so defined . 
The specific elements and configurations described in the This description of the exemplary embodiments is 
following detailed description are set forth in order to clearly intended to be read in connection with the accompanying 
describe the present disclosure . It will be apparent , however , drawings , which are to be considered part of the entire 
that the exemplary embodiments set forth herein are used 40 written description . The drawings are not drawn to scale . In 
merely for the purpose of illustration , and the inventive addition , structures and devices are shown schematically in 
concept may be embodied in various forms without being order to simplify the drawing . 
limited to those exemplary embodiments . In addition , the In the description , relative terms such as “ lower , " " upper , " 
drawings of different embodiments may use like and / or “ horizontal , ” “ vertical , ” , “ above , ” “ below , ” “ up , ” “ down , ” 
corresponding numerals to denote like and / or corresponding 45 “ top ” and “ bottom ” as well as derivative thereof ( e.g. , 
elements in order to clearly describe the present disclosure . “ horizontally , " " downwardly , ” “ upwardly , ” etc. ) should be 
However , the use of like and / or corresponding numerals in construed to refer to the orientation as then described or as 
the drawings of different embodiments does not suggest any shown in the drawing under discussion . These relative terms 
correlation between different embodiments . In addition , in are for convenience of description and do not require that the 
this specification , expressions such as “ first material layer 50 apparatus be constructed or operated in a particular orien 
disposed on / over a second material layer ” , may indicate the tation . Terms concerning attachments , coupling and the like , 
direct contact of the first material layer and the second such as " connected ” and “ interconnected , ” refer to a rela 
material layer , or it may indicate a non - contact state with one tionship wherein structures are secured or attached to one 
or more intermediate layers between the first material layer another either directly or indirectly through intervening 
and the second material layer . In the above situation , the first 55 structures , as well as both movable or rigid attachments or 
material layer may not be in direct contact with the second relationships , unless expressly described otherwise . 
material layer . The term " substrate ” is meant to include devices formed 

It should be noted that the elements or devices in the within a transparent substrate and the layers overlying the 
drawings of the present disclosure may be present in any transparent substrate . All transistor element needed may be 
form or configuration known to those skilled in the art . In 60 already formed over the substrate . However , the substrate is 
addition , the expression “ a layer overlying another layer ” , “ a represented with a flat surface in order to simplify the 
layer is disposed above another layer ” , “ a layer is disposed drawing . The term “ substrate surface ” is meant to include 
on another layer ” and “ a layer is disposed over another the uppermost exposed layers on a transparent substrate , 
layer " may indicate that the layer is in direct contact with the such as an insulating layer and / or metallurgy lines . 
other layer , or that the layer is not in direct contact with the 65 Referring to FIGS . 1A and 1B , FIGS . 1A and 1B are 
other layer , there being one or more intermediate layers cross - sectional views of various stages of a process for 
disposed between the layer and the other layer . forming a display device 1000 having a bonding layer 224 
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with a high melting point in accordance with some embodi indium gallium zinc oxide ( IGZTO ) , or organic semicon 
ments of the present disclosure . As shown in FIG . 1A , the ductor including polycyclic aromatic compound , or a com 
display device 1000 includes a substrate 100 and a light bination thereof . 
emitting unit 200 over the substrate 100. The substrate 100 As shown in FIG . 1A , the light - emitting layer 214 is 
includes an integrated circuit ( not shown ) electrically con 5 disposed between the semiconductor layer 212 and the 
nected to the light - emitting unit 200. The integrated circuit semiconductor layer 216. The light - emitting layer 214 may 
( IC ) may include , but is not limited to , a micro - processor , a include , but is not limited to , homojunction , heterojunction , 
memory element and / or other elements . The IC may also single - quantum well ( SQW ) , multiple - quantum well 
include various passive and active microelectronic devices , ( MQW ) or any other applicable structure . In some embodi 
such as thin film resistors , other capacitors ( e.g. , metal- 10 ments , the light - emitting layer light - emitting layer 214 
insulator - metal capacitor , MIMCAP ) , inductors , diodes , includes un - doped n type In , Ga ( 1 - x ) N . In other embodi 

ments , the light - emitting layer light - emitting layer 214 metal - oxide - semiconductor field effect transistors ( MOS includes such materials as Al In , Ga ( 1 - x - y ) N and other mate FETs ) , complementary MOS ( CMOS ) transistors , bipolar rials . Moreover , the light - emitting layer light - emitting layer junction transistors ( BJTs ) , laterally diffused MOS ( LD 15 214 may include a multiple - quantum well structure with MOS ) transistors , high power MOS transistors , or other multiple - quantum layers ( such as InGaN ) and barrier layers 
types of transistors . ( such as Gan ) arranged alternately . Moreover , the light 
As shown in FIG . 1A , in some embodiments , the substrate emitting layer light - emitting layer 214 may be formed by 

100 includes a bonding pad 110 electrically and physically metal organic chemical vapor deposition ( MOCVD ) , 
connected to the light - emitting unit 200. The materials of the 20 molecular beam epitaxy ( MBE ) , hydride vapor phase epi 
bonding pad 110 may include , but is not limited to , copper , taxy ( HVPE ) , liquid phase epitaxy ( LPE ) or any other 
aluminum , tungsten , gold , chromium , nickel , platinum , tita applicable chemical vapor deposition process . 
nium , iridium , rhodium , the above alloys , the above com As shown in FIG . 1A , the protective part 230 is disposed 
bination or any other applicable materials . The bonding pad on sidewalls of the light - emitting part 210 , and surrounds the 
110 may be formed by a deposition process , a lithography 25 light - emitting part 210 and the conductive pad 221. The 
process and an etching process . The deposition process protective part 230 is disposed over at least some regions of 
includes , but is not limited to , chemical vapor deposition the light - emitting path , the light - emitting shape may be 
( CVD ) , sputtering , resistive thermal evaporation , electron altered or the light - emitting effectiveness may be improved . 
beam evaporation , and any other applicable methods . The In some embodiments , the material of the protective part 230 
chemical vapor deposition may include , but is not limited to , 30 may be a metal material , and may be the same as or similar 
low pressure chemical vapor deposition ( LPCVD ) , low to that of the bonding pad 110 . 
temperature chemical vapor deposition ( LTCVD ) , rapid As shown in FIG . 1A , the conductive pad 221 is adjacent 
thermal chemical vapor deposition ( RTCVD ) , plasma to the light - emitting part 210. The material of the conductive 
enhanced chemical vapor deposition ( PECVD ) , atomic layer pad 221 may include , but is not limited to , copper , alumi 
deposition ( ALD ) , and any other applicable methods . The 35 num , tungsten , gold , chromium , nickel , platinum , titanium , 
lithography process includes , but is not limited to , photore iridium , rhodium , the above alloys , the above combination 
sist coating ( e.g. , spin - on coating ) , soft baking , mask align or any other applicable materials . 
ment , exposure , post - exposure baking , developing the pho As shown in FIG . 1A , the first material layer 222 is 
toresist , rinsing and drying ( e.g. , hard baking ) . The adjacent to the bonding pad 110. The material of the first 
photolithography process may also be implemented or 40 material layer 222 may be an alloy with low melting point . 
replaced by another proper method such as maskless pho In some embodiments , the first material layer 222 is a 
tolithography , electron - beam writing or ion - beam writing . eutectic material whose melting point is smaller than 300 ° C. 
The etching process may include , but is not limited to , dry The material of the first material layer 222 may include , but 
etching , wet etching , and other etching methods . is not limited to , a tin - indium alloy , a tin - zinc alloy , a 
As shown in FIG . 1A , in some embodiments , the light- 45 tin - silver alloy , a gold - indium alloy , a gold - tin alloy or other 

emitting unit 200 includes a light - emitting part 210 , a suitable materials . 
protective part 230. In addition , the light - emitting unit 200 As shown in FIG . 1A , in some embodiments , the light 
also includes a connective part electrically connected to the emitting unit 200 further includes a second material layer 
bonding pad 110 of the substrate 100 , wherein the connec 223 disposed between the conductive pad 221 and the first 
tive part includes conductive pad 221 , a first material layer 50 material layer 222. The second material layer 223 may be 
222 and a second material layer 223. As shown in FIG . 1A , used as a buffer layer . In some embodiments , the first 
the light - emitting part 210 includes a semiconductor layer material layer 222 will congruent melt with the second 
212 , a light - emitting layer 214 and a semiconductor layer material layer 223 after a heating process and a compression 
216. The semiconductor layer 212 and the semiconductor process are subsequently performed on the display device 
layer 216 adjoin the conductive pad 221. The semiconductor 55 1000. As a result , a bonding layer with a melting point 
layer 212 and the semiconductor layer 216 may include , but higher than the first material layer 222 is formed . In some 
are not limited to , an element semiconductor which may embodiments , the second material layer 223 may be a single 
include amorphous - Si , poly - Si , germanium ; a compound layer structure such as gold , silver , copper , nickel , platinum , 
semiconductor which may include gallium nitride ( GaN ) , tin or an alloy mentioned above . In some embodiments , the 
silicon carbide , gallium arsenide , gallium phosphide , indium 60 second material layer 223 may be a multi - layer stack struc 
phosphide , indium arsenide and / or indium antimonide ; an ture such as copper - nickel - gold structure or a copper - nickel 
alloy semiconductor which may include SiGe alloy , GaAsP platinum - gold structure . 
alloy , AlInAs alloy , AlGaAs alloy , GaInAs alloy , GaInP In some embodiments , a heating process and a compres 
alloy , GaInAsP alloy , or a combination thereof . The semi sion process are performed on the structure shown in FIG . 
conductor layer 212 and the semiconductor layer 216 may 65 1A . Afterwards , the first material layer 222 congruent melts 
also include , but are not limited to , metal oxide such as with the second material layer 223. During the heating 
indium gallium zinc oxide ( IGZO ) , indium zinc oxide ( IZO ) , process and the compression process , the material of the 
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second material layer 223 diffuses into the first material with a high melting point in accordance with some embodi 
layer 222 through a first surface 222A of the first material ments of the present disclosure . In some embodiments , as 
layer 222. As a result , the structure shown in FIG . 1B is shown in FIG . 2A , the display device 1000 includes the 
formed . In some embodiments , the temperature of the heat second material layer 223 on the first surface 222A of the 
ing process is between about 100 ° C. and about 400 ° C. In 5 first material layer 222 and a third material layer 225 on the 
some embodiments , the pressure of the compression process second surface 222B of the first material layer 222. In some 
is between about 0.1 MPa and about 100 MPa . embodiments , the third material layer 225 includes , but is 
Referring to FIG . 1B , after the heating process and not limited to , copper , aluminum , molybdenum , tungsten , 

compression process are performed on the structure shown gold , chromium , nickel , platinum , titanium , iridium , rho 
in FIG . 1A , the first material layer 222 and the second 10 dium , the above alloys , a combination thereof , or another 
material layer 223 form a bonding layer 224. In some electrically conductive metal material . In some embodi 
embodiments , the bonding layer 224 includes a first com ments , the material of the third material layer 225 is the same 
ponent from the first material layer 222 and a second as that of the second material layer 223. In some embodi 
component from the second material layer 223. In addition , ments , the material of the third material layer 225 is different 
the melting point of the bonding layer 224 is higher than that 15 from that of the second material layer 223. In some embodi 
of the first material layer 222. In some embodiments , the ments , the third material layer 225 may be a single layer 
melting point of the bonding layer 224 is between about structure or a multi - layer stack structure . 
100 ° C. and about 500 ° C. In some embodiments , the Next , in some embodiments , a heating process and a 
melting point of the bonding layer 224 is between about compression process are performed on the structure shown 
350 ° C. and about 400 ° C. In some embodiments , the 20 in FIG . 2A . Afterwards , the first material layer 222 and the 
melting point of the bonding layer 224 is between about second material layer 223 congruent melt with the third 
100 ° C. and about 350 ° C. material layer 225. During the heating process and the 
Furthermore , since the material of the second material compression process , the material of the second material 

layer 223 diffuses into the first material layer 222 through layer 223 diffuses into the first material layer 222 through 
the first surface 222A , the material of the second material 25 the first surface 222A of the first material layer 222 , and the 
layer 223 does not disperse in the bonding layer 224 material of the third material layer 225 diffuses into the first 
uniformly . Namely , the second component does not disperse material layer 222 through the second surface 222B of the 
in the bonding layer 224 uniformly . Next , referring to FIGS . first material layer 222. As a result , the structure shown in 
1B and 1C , FIG . 1C is a graph of a distribution of a second FIG . 2B is formed . In some embodiments , the temperature 
concentration along a direction from the first surface 224A 30 of the heating process is between about 100 ° C. and about 
to a second surface 224B of the bonding layer 224 ( such as 400 ° C. In some embodiments , the pressure of the compres 
Y - direction ) in accordance with some embodiments of the sion process is between about 0.1 MPa and about 100 MPa . 
present disclosure . As shown in FIG . 1C , the concentration Referring FIG . 2B , after the heating process and 
of the second component decreases along the direction from compression process are performed on the structure shown 
the first surface 224A to the second surface 224B of the 35 in FIG . 2A , the first material layer 222 , the second material 
bonding layer 224. Moreover , the concentration ( not shown ) layer 223 and the third material layer 225 form the bonding 
of the first component increases from the first surface 224A layer 224. In some embodiments , the bonding layer 224 
to the second surface 224B of the bonding layer 224 . includes the first component from the first material layer 222 
Therefore , the distribution of the concentration of the first and the second component from the second material layer 
component is contrary to that of the second component . 40 223 and the third material layer 225. In addition , the melting 

In FIG . 1C , the maximum concentration of the second point of the bonding layer 224 is higher than that of the first 
component is defined as 100 , and it is defined as ( ) when material layer 222. In some embodiments , the melting point 
there is no second component . Since the second material of the bonding layer 224 is between about 100 ° C. and about 
layer 223 is disposed above the first material layer 222 , the 500 ° C. In some embodiments , the melting point of the 
second component has a maximum at an interface between 45 bonding layer 224 is between about 350 ° C. and about 400 ° 
the first material layer 222 and the second material layer 223 C. In some embodiments , the melting point of the bonding 
( e.g. the first surface 224A of the bonding layer 224 ) and a layer 224 is between about 100 ° C. and about 350 ° C. 
minimum at an interface between the first material layer 222 Furthermore , since the material of the second material 
and the bonding pad 110 ( e.g . the second surface 224B of the layer 223 diffuses into first material layer 222 through the 
bonding layer 224 ) . Although FIG . 1C illustrates that the 50 first surface 222A and the material of the third material layer 
second component is zero at the second surface 224B of the 225 diffuses into first material layer 222 through the second 
bonding layer 224 , embodiments of the disclosure are not surface 222B , the materials of the second material layer 223 
limited thereto . In some other embodiments , the second and the third material layer 225 do not disperse in the 
component is not zero at the second surface 224B of the bonding layer 224 uniformly . Namely , the second compo 
bonding layer 224 . 55 nent does not disperse in the bonding layer 224 uniformly . 
As shown in FIG . 1B , the bonding layer 224 and the Next , referring to FIGS . 2B and 2C , FIG . 2C is a graph of 

conductive pad 221 can be used as a connective part 220 of a distribution of a second concentration along the direction 
the light - emitting unit 200. Since the bonding layer 224 has from the first surface 224A to the second surface 224B of the 
high melting point , it prevents the connective part 220 from bonding layer 224 in accordance with some embodiments of 
being damaged due to the high temperature of the subse- 60 the present disclosure . As shown in FIG . 2C , when the 
quent process so that the light - emitting unit 200 is not material of the second material layer 223 is the same as that 
electrically connected to the substrate 100. Therefore , the of the third material layer 225 , the concentration of the 
formation of the bonding layer 224 can improve the yield of second component does not increase , nor does it decrease 
the display device 1000 . along the direction from the first surface 224A to the second 

Referring to FIGS . 2A and 2B , FIGS . 2A and 2B are 65 surface 224B of the bonding layer 224 . 
cross - sectional views of various stages of a process for In FIG . 2C , the maximum concentration of the second 
forming a display device 1000 having a bonding layer 224 component is defined as 100 , and it is defined as ( when 
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there is no second component . Since the second material second surface 224B of the bonding layer 224 ) . In addition . 
layer 223 is disposed above the first material layer 222 and The second component has a minimum between the first 
the third material layer 225 is disposed under the first surface 224A and the second surface 224B . Although FIG . 
material layer 222 , the second component has a maximum at 3C illustrates that it has the same concentration of the second 
the interface between the first material layer 222 and the 5 component at the first surface 224A and the second surface 
second material layer 223 ( e.g. the first surface 224A of the 224B of the bonding layer 224 , embodiments of the disclo 
bonding layer 224 ) and at an interface between the first sure are not limited thereto . In some other embodiments , the 
material layer 222 and the third material layer 225 ( e.g. the concentration of the second component at the first surface 
second surface 224B of the bonding layer 224 ) . In addition . 224A is different from that of the second surface 224B . 
The second component has a minimum between the first 10 In some embodiments , since the bonding pad of the 
surface 224A and the second surface 224B . Although FIG . substrate congruent melts with the first material directly , the 
2C illustrates that it has the same concentration of the second steps of the manufacturing can be simplified . Therefore , the 
component at the first surface 224A and the second surface yield of forming the display device 1000 is improved and the 
224B of the bonding layer 224 , embodiments of the disclo cost is decreased . In addition , in this embodiment , there is no 
sure are not limited thereto . In some other embodiments , the 15 boundary substantially between the bonding pad and the 
concentration of the second component at the first surface bonding pad . 
224A is different from that of the second surface 224B . In some embodiments , the light - emitting unit 200 is a 

Referring to FIGS . 3A and 3B , FIGS . 3A and 3B are micro light - emitting diode ( ULED ) . For example , in some 
cross - sectional views of various stages of a process for embodiments , as shown in FIG . 1A , the sum of the thickness 
forming a display device 1000 having a bonding layer 224 20 of the semiconductor layer 212 , the light - emitting layer 214 
with a high melting point in accordance with some embodi and the semiconductor layer 216 is between about 1 um and 
ments of the present disclosure . In some embodiments , as 20 um . In some embodiments , the sum of the thickness of 
shown in FIG . 3A , the bonding pad 110 of the substrate 100 the semiconductor layer 212 , the light - emitting layer 214 
can be replaced by the third material layer 225 . and the semiconductor layer 216 is between about 3 um and 

Referring to FIG . 3B , after the heating process and 25 10 um . In some embodiments , the sum of the thickness of 
compression process are performed on the structure shown the semiconductor layer 212 , the light - emitting layer 214 
in FIG . 3A , the first material layer 222 , the second material and the semiconductor layer 216 is between about 3 um and 
layer 223 and the third material layer 225 form the bonding 
layer 224. In some embodiments , the bonding layer 224 Referring to FIG . 4 , FIG . 4 is a cross - sectional view of the 
includes the first component from the first material layer 222 30 display device 1000 in accordance with some embodiments 
and the second component from the second material layer of the present disclosure . In some embodiments , a surface 
223 and the third material layer 225. In addition , the melting adjacent to the first material layer 222 of the second material 
point of the bonding layer 224 is higher than that of the first layer 223 has a concave - convex structure . In some embodi 
material layer 222. In some embodiments , the melting point ments , after a heating process and a compression process are 
of the bonding layer 224 is between about 100 ° C. and about 35 performed on a structure shown in FIG . 4 , the distribution of 
500 ° C. In some embodiments , the melting point of the the concentration of the second component is non - uniform 
bonding layer 224 is between about 350 ° C. and about 400 ° not only along Y direction but also along X direction . 
C. In some embodiments , the melting point of the bonding Although FIG . 4 illustrates the pitches of the concave 
layer 224 is between about 100 ° C. and about 350 ° C. convex structure are the same , embodiments of the disclo 

Furthermore , since the material of the second material 40 sure are not limited thereto . In some embodiments , the 
layer 223 diffuses into first material layer 222 through the pitches of the concave - convex structure are random . More 
first surface 222A and the material of the third material layer over , the shape of the concave - convex structure may be 
225 diffuses into first material layer 222 through the second random . 
surface 222B , the materials of the second material layer 223 Referring to FIG . 5 , FIG . 5 is a cross - sectional view of the 
and the third material layer 225 do not disperse in the 45 display device 1000 in accordance with some embodiments 
bonding layer 224 uniformly . Namely , the second compo of the present disclosure . In some embodiments , as shown in 
nent does not disperse in the bonding layer 224 uniformly . FIG . 5 , the light - emitting part 210 has a light extraction 
Next , referring to FIGS . 3B and 3C , FIG . 3C is a graph of structure 240 on the first surface 210A . In some embodi 
a distribution of a second concentration along the direction ments , the light extraction structure 240 is formed by 
from the first surface 224A to the second surface 224B of the 50 performing an etching process on the first surface 210A of 
bonding layer 224 in accordance with some embodiments of the semiconductor layer 212 of the light - emitting part 210 
the present disclosure . As shown in FIG . 3C , when the directly . Therefore , the material of the light extraction struc 
material of the second material layer 223 is the same as that ture 240 is the same as that of the semiconductor layer 212 . 
of the third material layer 225 , the concentration of the Although FIG . 5 illustrates the pitches of the light extraction 
second component does not increase , nor does it decrease 55 structure 240 are the same , embodiments of the disclosure 
along the direction from the first surface 224A to the second are not limited thereto . In some embodiments , the pitches of 
surface 224B of the bonding layer 224 . the light extraction structure 240 are random . Moreover , the 

In FIG . 3C , the maximum concentration of the second shape of the light extraction structure 240 may be random . 
component is defined as 100 , and it is defined as O when In some embodiments , the roughness of the light extraction 
there is no second component . Since the second material 60 structure 240 is greater than or equal to 0.2 um and less than 
layer 223 is disposed above the first material layer 222 and or equal to 5 um . In this embodiment , after the surface of the 
the third material layer 225 is disposed under the first semiconductor layer 212 of the light - emitting part 210 ( e.g. 
material layer 222 , the second component has a maximum at the first surface 210A ) is roughened , the performance of the 
the interface between the first material layer 222 and the light - extraction is improved . 
second material layer 223 ( e.g. the first surface 224A of the 65 Referring to FIG . 6 , FIG . 6 is a cross - sectional view of the 
bonding layer 224 ) and at an interface between the first display device 1000 in accordance with some embodiments 
material layer 222 and the third material layer 225 ( e.g. the of the present disclosure . In some embodiments , as shown in 
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FIG . 6 , the material of the light extraction structure 240 over embodiments , the refractive index of the third transparent 
the first surface 210A of the light - emitting part 210 is not the layer 253 is smaller than that of the second transparent layer 
same as that of the semiconductor layer 212. In some 252 , the refractive index of the second transparent layer 252 
embodiments , a material layer ( not shown ) is deposited on is smaller than that of the first transparent layer 251 , and the 
the first surface 210A of the light - emitting part 210 , and an 5 refractive index of the first transparent layer 251 is smaller 
etching process is performed on the material layer . After than that of the semiconductor layer 212 . 
wards , the light extraction structure 240 is formed . Although Although FIG . 9 illustrates the transparent structure 250 
FIG . 6 illustrates the pitches of the light extraction structure includes three layers , embodiments of the disclosure are not 
240 are the same , embodiments of the disclosure are not limited thereto . In some embodiments , the transparent struc 
limited thereto . In some embodiments , the pitches of the 10 ture 250 includes two or more transparent layers , and the 
light extraction structure 240 are random . refractive index of the transparent layers become smaller as 

In some embodiments , the refractive index of the light it moves away from the first surface 210A of the light 
extraction structure 240 is smaller than 2.4 , and smaller than emitting part 210. In this embodiment , the performance of 
that of the light - emitting part 210. In some embodiments , the the light - extraction of the light - emitting part 210 is 
light extraction structure 240 is a transparent material such 15 improved after the formation of the transparent structure 250 
as indium tin oxide ( ITO ) , tin oxide ( TO ) , indium zinc oxide with gradient refractive index on the first surface 210A of the 
( IZO ) , indium gallium oxide ( IGZO ) , indium tin zinc oxide light - emitting part 210 . 
( ITZO ) , antimony tin oxide ( ATO ) , antimony zinc oxide Referring to FIG . 10 , FIG . 10 is a cross - sectional view of 
( AZO ) , the above combination or any other applicable the display device 1000 in accordance with some embodi 
transparent conductive oxide material . In some embodi- 20 ments of the present disclosure . In some embodiments , as 
ments , the light extraction structure 240 is a macromolecular shown in FIG . 10 , the sidewall 210S of the light - emitting 
material whose refractive index is smaller than 2.4 . For part 210 is tapered along Y direction . The tapered sidewall 
example , the macromolecular material may include , but is 210S may be formed by performing an etching process on 
not limited to , optical resin , epoxy , silicone . In this embodi the semiconductor layer 212 , the light - emitting layer 214 
ment , the performance of the light - extraction of the light- 25 and the semiconductor layer 216. In this embodiment , the 
emitting part 210 is improved after the formation of the performance of the light - extraction of the light - emitting part 
material layer with small refractive index on the first surface 210 is improved after the formation of the light - emitting part 
210A of the light - emitting part 210 . 210 with tapered sidewall 210S . 

Referring to FIG . 7 , FIG . 7 is a cross - sectional view of the Referring to FIG . 11 , FIG . 11 is a cross - sectional view of 
display device 1000 in accordance with some embodiments 30 the display device 1000 in accordance with some embodi 
of the present disclosure . In some embodiments , as shown in ments of the present disclosure . In some embodiments , as 
FIG . 7 , the protective part 230 of the light - emitting unit 200 shown in FIG . 11 , the display device 1000 further includes 
further includes a reflective layer 232. The reflective layer a first reflective layer 260 which is disposed between the 
232 is disposed under the second surface 210B of the light - emitting part 210 and the protective part 230. More 
light - emitting part 210 , and on sidewalls of the semicon- 35 specifically , the first reflective layer 260 is disposed in the 
ductor layer 216 , the semiconductor layer 216 and a portion protective part 230 , and between the semiconductor layer 
of the conductive pad 221. The reflective layer 232 may be 212 , the semiconductor layer 216 and the conductive pad 
a Bragg reflector or an Omni - directional reflector ( ODR ) . 221. In some embodiments , the reflectivity of the first 
The material of the reflective layer 232 may include non reflective layer 260 is greater than 80 % . In some embodi 
metal material , insulating material or white photoresist . In 40 ments , the material of the first reflective layer 260 include , 
some embodiments , the material of the reflective layer 232 but is not limited to , aluminum , silver or other metals with 
is a low refractive insulating material such as silicon dioxide reflectivity greater than 80 % . In this embodiment , the per 
or a high refractive insulating material such as silicon nitride formance of the light - extraction of the light - emitting part 
or titanium dioxide . The refractive index of the reflective 210 is improved after the formation of the first reflective 
layer 232 may be modified and is not limited to the materials 45 layer 260 whose reflectivity greater than 80 % . 
mentioned above . Referring to FIG . 12 , FIG . 12 is a cross - sectional view of 

Referring to FIG . 8 , FIG . 8 is a cross - sectional view of the the display device 1000 in accordance with some embodi 
display device 1000 in accordance with some embodiments ments of the present disclosure . In some embodiments , as 
of the present disclosure . In some embodiments , as shown in shown in FIG . 12 , the transparent structure 250 includes 
FIG . 8 , the display device 1000 further includes a transpar- 50 multiple nanoparticles 271 and an adhesive layer 272. In 
ent structure 250 over the first surface 210A . The transparent some embodiments , the nanoparticles 271 are sprayed on the 
structure 250 is a transparent layer whose refractive index is first surface 210A of the light - emitting part 210 , and the 
smaller than 2.4 . In this embodiment , the performance of the adhesive layer 272 is coated on the first surface 210A to fix 
light - extraction of the light - emitting part 210 is improved the nanoparticles 271. The material of the nanoparticles 271 
after the formation of the transparent structure 250 with 55 includes , but is not limited to , zirconium dioxide ( ZrO2 ) , 
small refractive index on the first surface 210A of the titanium dioxide ( TiO2 ) , silicon dioxide ( SiO2 ) , tantalum 
light - emitting part 210 . pentoxide ( Ta203 ) , tungsten oxide ( WO3 ) , yttrium oxide 
Referring to FIG . 9 , FIG . 9 is a cross - sectional view of the ( Y203 ) , cerium dioxide ( CeO2 ) , antimony trioxide ( Sb2O3 ) , 

display device 1000 in accordance with some embodiments niobium dioxide ( Nb2O2 ) , boron trioxide ( B203 ) , alumina 
of the present disclosure . In some embodiments , as shown in 60 trioxide ( Al2O3 ) , zinc oxide ( ZnO ) , indium trioxide ( In2O3 ) , 
FIG . 9 , the transparent structure 250 includes a first trans cerium trifluoride ( CeFz ) , magnesium difluoride ( MgF2 ) , 
parent layer 251 , a second transparent layer 252 and a third calcium difluoride ( C F2 ) , a combination thereof or other 
transparent layer 253. The first transparent layer 251 is suitable metal nanoparticles . 
disposed on the first surface 210A of the light - emitting part The material of the adhesive layer 272 includes , but is not 
210 , the second transparent layer 252 is disposed on the first 65 limited to , optical adhesive ( OCA ) , optical clear resin 
transparent layer 251 and the third transparent layer 253 is ( OCR ) or other suitable transparent materials . In this 
disposed on the second transparent layer 252. In some embodiment , the performance of the light - extraction of the 
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light - emitting part 210 is improved after spraying the nano a first light - emitting unit 410 , a second light - emitting unit 
particles 271 on the first surface 210A of the light - emitting 420 and a third light - emitting unit 430 disposed over a 

substrate 300. The substrate 300 may be the same as or 
Referring to FIG . 13 , FIG . 13 is a cross - sectional view of similar to the substrate 100 , and the descriptions of the 

the display device 1000 in accordance with some embodi- 5 substrate 300 is omitted for brevity . The first light - emitting 
ments of the present disclosure . In some embodiments , as unit 410 is disposed in the blue pixel region B , and sur shown in FIG . 13 , the transparent structure 250 includes an rounded by a first filler 450. The material of the first filler organic layer 281 and multiple vias 282. The organic layer 450 may include , but is not limited to , silicone , epoxy , 281 is disposed above the first surface 210A of the light 
emitting part 210 , and the vias 282 are dispersed in the 10 and other applicable materials . The light - emitting unit 2000 

poly ( methyl methacrylate ) ( PMMA ) , polycarbonate ( PC ) 
organic layer 281. As shown in FIG . 13 , the density of the also includes a second filler 460 over the first filler 450. The vias 282 increases along the direction from the second 
surface 210B to the first surface 210A . More specifically , the refractive index of the second filler 460 may be the same as 

or different from that of the first filler 450. In some embodi density of the vias 282 has a minimum at the first surface 
210A of the light - emitting part 210 , and the density of the 15 ments , the refractive index of the second filler 460 is smaller 
vias 282 increases as it moves away from the first surface than that of the first filler 450. It appreciates that some 
210A . In some embodiments , the vias 282 is air or other elements or features of the first light - emitting unit 410 , the 

second light - emitting unit 420 and the third light - emitting 
In some embodiments , the material of the organic layer unit 430 are omitted for brevity , embodiments of the dis 

281 includes , but is not limited to , poly ( methyl methacry- 20 closure are not limited thereto . In some embodiments , the 
late ) ( PMMA ) , polycarbonate ( PC ) , polyimide ( PI ) and first light - emitting unit 410 , the second light - emitting unit 
other applicable materials . In some embodiments , the 420 and the third light - emitting unit 430 are the same as the 
organic layer 281 is dipped in an organic solvent such as light - emitting unit 200 of the present disclosure . 
alcohol , and the vias are expanded . As a result , the vias 282 As shown in FIG . 15 , the second light - emitting unit 420 
are formed . In this embodiment , the density of the vias 282 25 and the third light - emitting unit 430 are disposed in the 
increases as it moves away from the first surface 210A . green pixel region G and the red pixel region R , respectively , 
Therefore , the refractive index of the transparent structure and surrounded by the first filler 450. In addition , the 
250 decreases as it moves away from the first surface 210A . light - emitting unit 2000 also includes a quantum dot film 
In this embodiment , the performance of the light - extraction 470G and a quantum dot film 470R over the second light 
of the light - emitting part 210 is improved after the formation 30 emitting unit 420 and the third light - emitting unit 430 , 
of the transparent structure 250 with gradient refractive respectively . The material of the quantum dot film 470G and 
index on the first surface 210A of the light - emitting part 210 . the quantum dot film 470R may include , but is not limited 

Referring to FIG . 14 , FIG . 14 is a cross - sectional view of to , an organic layer blended with a quantum dot or an 
the display device 1000 in accordance with some embodi inorganic layer blended with a quantum dot . The quantum 
ments of the present disclosure . In some embodiments , as 35 dot may be a nano three - dimensional structure including 
shown in FIG . 14 , the transparent structure 250 includes an zinc , cadmium , selenium , sulfur , or a combination thereof . 
organic layer 291 and multiple nanoparticles 292. The The grain diameter of the quantum dot may range from 
organic layer 291 is disposed above the first surface 210A of about 1 nm - 10 nm . By fine - tuning the grain diameter of the 
the light - emitting part 210 , and the nanoparticles 292 are quantum dot , the spectrum of light resulting from the 
dispersed in the organic layer 291. As shown in FIG . 14 , the 40 excitation of the light by the second light - emitting unit 420 
density of the nanoparticles 292 decreases along the direc and the third light - emitting unit 430 may be altered . For 
tion from the second surface 210B to the first surface 210A . example , the quantum dot film 470G blended with a quan 
More specifically , the density of the nanoparticles 292 has a tum dot having the first grain diameter may emit light of a 
maximum at the first surface 210A of the light - emitting part green color after excitation by blue light , and the quantum 
210 , and the density of the nanoparticles 292 decreases as it 45 dot film 470R blended with a quantum dot having the second 
moves away from the first surface 210A . grain diameter different from the first grain diameter may 

The materials of the organic layer 291 and the nanopar emit light of a red color after excitation by blue light . 
ticles 292 may be the same as or similar to those of the As shown in FIG . 15 , the light - emitting unit 2000 also 
organic layer 281 and the nanoparticles 271 , respectively . In includes a color conversion enhancement layer 480G and a 
some embodiments , the organic layer 291 is dipped in an 50 color conversion enhancement layer 480R over the quantum 
organic solvent including the nanoparticles 292 , and the vias dot film 470G and the quantum dot film 470R , respectively . 
in the organic layer 281 are replaced by the nanoparticles The color conversion enhancement layer 480G and the color 
292. In this embodiment , the density of the nanoparticles conversion enhancement layer 480R may include , but is not 
292 decreases as it moves away from the first surface 210A . limited to , a material reflecting blue light . Unexcited blue 
Therefore , the refractive index of the transparent structure 55 light may be reflected back to the quantum dot film 470R 
250 decreases as it moves away from the first surface 210A . and the quantum dot film 470G by the color conversion 
In this embodiment , the performance of the light - extraction enhancement layer 480R and the color conversion enhance 
of the light - emitting part 210 is improved after the formation ment layer 480G , and thereby the efficiency of transforma 
of the transparent structure 250 with gradient refractive tion from blue light to light of another color through the 
index on the first surface 210A of the light - emitting part 210. 60 quantum dot film 470R and the quantum dot film 470G is 
Referring to FIG . 15 , FIG . 15 is a cross - sectional view of improved . As shown in FIG . 15 , the light - emitting unit 2000 

a light - emitting unit 2000 in accordance with some embodi also includes a color filter film 490G and a color filter film 
ments of the present disclosure . In some embodiments , as 490R over the color conversion enhancement layer 480G 
shown in FIG . 15 , the light - emitting unit 2000 has a blue and the color conversion enhancement layer 480R . The color 
pixel region B , a red pixel region R and a green pixel region 65 filter film 490G and the color filter film 490G may include 
G corresponding to different wavelengths of light emitted . a blue color filter , a red color filter , a green color filter or a 
As shown in FIG . 15 , the light - emitting unit 2000 includes combination thereof . 
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Moreover , as shown in FIG . 15 , the light - emitting unit length in the green pixel region G and the third light 
2000 further includes a protective layer 500. The protective emitting unit 430 with the longer dominant wavelength in 
layer 500 is disposed above the second filler 460 , color filter the red pixel region R. Therefore , the spec of the light 
film 490G and color filter film 490R . The protective layer emitting unit is increased , and the cost of forming the 
500 may include a transparent substrate such as a glass 5 light - emitting unit 2000 may be decreased . 
substrate , a ceramic substrate , a plastic substrate or another In some embodiments , the first light - emitting unit 410 , the 
applicable substrate . The material of the protective layer 500 second light - emitting unit 420 and the third light - emitting 
may include , but is not limited to , phosphosilicate glass unit 430 emit blue light , but the dominant wavelengths of the 
( PSG ) , borophosphosilicate glass ( BPSG ) , silicon oxide , three are different . In some embodiments , the dominant 
silicon nitride or high - k dielectric materials . The high - k 10 wavelength of the light emitted by the second light - emitting 
dielectric materials may include , but is not limited to , metal unit 420 is shorter than that of the first light - emitting unit 
oxide , metal nitride , metal silicide , transition metal oxide , 410 by 5 nm or more , and the dominant wavelength of the 
transition metal nitride , transition metal silicide , transition light emitted by the third light - emitting unit 430 is shorter 
metal oxynitride , metal aluminate , zirconium silicate , and than that of the first light - emitting unit 410 by 5 nm or more . 
zirconium aluminate . For example , the material of the 15 In this embodiment , since the quantum dot film 470G and 
high - k material may include , but is not limited to , LaO , A10 , the quantum dot film 470R have high absorptivity for light 
Zro , TiO , Ta , Os , Y203 , SrTiO3 ( STO ) , BaTiO ( BTO ) , with shorter wavelength , the performance of the light 
BaZro , HfO2 , HfO3 , HfZro , HfLaO , HfSiO , HfSION , emitting is improved . Therefore , the spec of the light 
LaSiO , AISIO , HfTaO , HfTiO , HfTaTiO , HAION , ( Ba , Sr ) emitting unit is increased , and the cost of forming the 
TiO3 ( BST ) , A1203 , any other applicable high - k dielectric 20 light - emitting unit 2000 may be decreased . 
material , and combinations thereof . In some embodiments , the first light - emitting unit 410 
As shown in FIG . 15 , the light - emitting unit 2000 emits blue light , the second light - emitting unit 420 emits 

includes a light - shielding layer 440 disposed between the green light ( with a wavelength between about 500 nm and 
substrate 300 and the protective layer 500. The blue pixel about 580 nm ) , and the third light - emitting unit 430 emits 
region B , the green pixel region G and the red pixel region 25 blue light or ultraviolet . Since it is difficult to form a 
R are separated from the light - shielding layer 440. The light - emitting unit emitting red light on the substrate using 
light - shielding layer 440 is used to shield the elements or a flip chip technique , the process problem can be solved by 
region which is not used to display colors . For example , the combining the third light - emitting unit 430 emitting blue 
light - shielding layer 440 may be used to shield the data lines light or ultraviolet and the quantum dot film 470R to emit 
and scan lines . The light - shielding layer 440 may include , 30 red light . 
but is not limited to , black photoresist , black printing ink , In some embodiments , the first light - emitting unit 410 
black resin or any other suitable light - shielding materials or emits blue light , the second light - emitting unit 420 emits 
light - shielding colors . Generally , the light - shielding materi blue light or ultraviolet , and the third light - emitting unit 430 
als and the light - shielding colors may prevent light from emits red light ( with a wavelength between about 600 nm 
being transmitted , and are not limited to the absorption of 35 and about 780 nm ) . Since the light - emitting unit emitting 
light . The light - shielding materials and the light - shielding green light has broader full width at half maximum 
colors may also be highly reflective . The light - shielding ( FWHM ) , the intensity of the green light becomes smaller . 
colors may include , but are not limited to , high - concentra Therefore , the problem described above can be solved by 
tion white material . The light - shielding colors are not lim combining the second light - emitting unit 420 emitting blue 
ited to consisting of one material . The light - shielding colors 40 light or ultraviolet and the quantum dot film 470G to emit 
may also include a transparent material covered by highly green light . 
reflective metal material . Referring to FIGS . 16A - 16F , FIGS . 16A - 16F are cross 

In some embodiments , the first light - emitting unit 410 , the sectional views of various stages of a process for attaching 
second light - emitting unit 420 and the third light - emitting light - emitting units 510 to a substrate 600 in accordance 
unit 430 emit blue light ( with a wavelength between about 45 with some embodiments of the present disclosure . As shown 
380 nm and about 500 nm ) , but the dominant wavelengths in FIG . 16A , a wafer 505 is provided . Multiple light 
emitted by the first light - emitting unit 410 , the second emitting units 510 are formed over the wafer 505 , and a pitch 
light - emitting unit 420 and the third light - emitting unit 430 between two adjacent light - emitting units 510 is defined as 
are different . The dominant wavelength means the wave D1 . The light - emitting units 510 may be such as a sapphire 
length with the greatest intensity emitted by the light- 50 substrate including alumina oxide and gallium nitride 
emitting unit . In some embodiments , the dominant wave formed thereon . It appreciates that although some elements 
length of the light emitted by the second light - emitting unit or features of the light - emitting units 510 are omitted for 
420 is shorter than that of the first light - emitting unit 410 by brevity , of the disclosure are not limited thereto . In some 
2 nm or more , and the dominant wavelength of the light embodiments , the structure of the light - emitting units 510 
emitted by the third light - emitting unit 430 is longer than 55 may be the same as or similar to that of the light - emitting 
that of the first light - emitting unit 410 by 2 nm or more . In unit 200 described in the embodiments of the present 
this embodiment , the difference of the dominant wavelength disclosure . 
of the emitted light between the third light - emitting unit 430 Next , in some embodiments , as shown in FIG . 16B , a 
and the second light - emitting unit 420 is greater than about reflective layer 520 is coated on the wafer 505. The reflective 
4 nm and less than 44 nm . In some embodiments , the 60 layer 520 is configured to block or absorb ultraviolet in the 
difference of the dominant wavelength of the emitted light subsequent laser lift off ( LLO ) process . In some embodi 
between the third light - emitting unit 430 and the second ments , the material of the reflective layer 520 includes , but 
light - emitting unit 420 is greater than about 10 nm and less is not limited to , barium sulfate , magnesium fluoride , mag 
than 50 nm . In this embodiment , the mura effect that is nesium oxide , aluminum oxide , titanium oxide , lanthanum 
caused by different dominant wavelengths of the light- 65 oxide , germanium oxide , tellurium oxide , erbium oxide , 
emitting unit can be prevented by disposing the second zirconium oxide , a combination thereof or other material 
light - emitting unit 420 with the shorter dominant wave capable of reflecting ultraviolet . In some embodiments , the 



5 

US 10,686,158 B2 
17 18 

material of the reflective layer 520 includes metal material process E is performed . As a result , the elastic layer 530 is 
such as gold , silver , titanium , nickel or aluminum . The expanded due to the expansion of the metal substrate 700. In 
reflective layer 520 may be formed by spin - on coating some embodiments , the heating process E is replaced by an 
process or other suitable process . electric charge . 
Next , in some embodiments , as shown in FIG . 16C , an Next , in some embodiments , as shown in FIG . 17D , the 

elastic layer 530 is formed over the reflective layer 520. In light - emitting units 510 are attached to a substrate 600 after 
some embodiments , the elastic layer 530 surrounds the the elastic layer 530 is extended . After the heating process 
light - emitting units 510 , and covers the light - emitting layer E is performed as shown in FIG . 17D , a pitch between two 
and the surface of the semiconductor layer of the light adjacent light - emitting units 510 becomes D2 greater than 
emitting units 510. The material of the elastic layer 530 10 D1 . 
includes poly ( methyl methacrylate ) ( PMMA ) , polycarbon Next , in some embodiments , as shown in FIG . 17E , the 
ate ( PC ) , polyimide ( PI ) and other elastic materials . metal substrate 700 is removed . In this embodiment , the 
Although FIG . 16C illustrates the light - emitting units 510 pitch between two adjacent light - emitting units 510 becomes 
are not covered completely by the elastic layer 530 ( e.g. the longer . Therefore , when the light - emitting units 510 are 
conductive pads of the light - emitting units 510 are not 15 formed on the wafer 505 , the light - emitting units 510 may 
covered by the elastic layer 530 ) , embodiments of the be arranged in a narrower pitch . As a result , it is not 
disclosure are not limited thereto . In some embodiments , the necessary to form the light - emitting units 510 with needed 
light - emitting units 510 are covered completely by the pitch . Therefore , more light - emitting units 510 can be 
elastic layer 530 . formed on the wafer 505 , and the cost is decreased . 
Next , in some embodiments , as shown in FIG . 16D , the 20 In addition , FIGS . 17D and 17E illustrate the light 

wafer 505 and the reflective layer 520 are removed from the emitting units 510 is attached to the substrate 600 before the 
light - emitting units 510 , In some embodiments , the wafer removing of the metal substrate 700 , embodiments of the 
505 is removed by performing the LLO process . In some disclosure are not limited thereto . In some embodiments , the 
embodiments , an etching process is performed to remove the metal substrate 700 is removed before the attaching of the 
reflective layer 520 after the wafer 505 is removed . 25 light - emitting units 510 to the substrate 600 . 
Next , in some embodiments , as shown in FIG . 16E , the In addition , FIGS . 17B - 17D illustrate the semiconductor 

elastic layer 530 is extended by performing an extension layer of the light - emitting units 510 is attached to the metal 
process . The extending process includes single - axially substrate 700 , embodiments of the disclosure are not limited 
extension process , bi - axially extension process or other thereto . In some embodiments , the surface of the conductive 
suitable processes . 30 pad is adjoined to the metal substrate 700 . 
Next , in some embodiments , as shown in FIG . 16F , the In addition , the wafer 505 is not a plane structure . The 

light - emitting units 510 are attached to a substrate 600 after exterior of the wafer 505 may be seen as a shape , a v 
the elastic layer 530 is extended . After the extension process shape , w shape , 22 shape , v shape , o shape or o shape in a 
is performed as shown in FIG . 16E , a pitch between two cross section . There is a highest point in the partial area such 
adjacent light - emitting units 510 becomes D2 greater than 35 as a ridge point or a top point , and a lowest point in the 
D1 . The substrate 600 may be the same as or similar to the partial area such as a saddle point or a concave point . 
substrate 100 mentioned above . In this embodiment , the Although some embodiments of the present disclosure 
pitch between two adjacent light - emitting units 510 becomes and their advantages have been described in detail , it should 
longer . Therefore , when the light - emitting units 510 are be understood that various changes , substitutions and altera 
formed on the wafer 505 , the light - emitting units 510 may 40 tions can be made herein without departing from the spirit 
be arranged in a narrower pitch . As a result , it is not and scope of the disclosure as defined by the appended 
necessary to form the light - emitting units 510 with needed claims . For example , it will be readily understood by those 
pitch . Therefore , more light - emitting units 510 can be skilled in the art that many of the features , functions , 
formed on the wafer 505 , and the cost is decreased . processes , and materials described herein may be varied 

Referring to FIGS . 17A - 17E , FIGS . 17A - 17E are cross- 45 while remaining within the scope of the present disclosure . 
sectional views of various stages of a process for attaching Moreover , the scope of the present application is not 
the light - emitting units 510 to a substrate 600 in accordance intended to be limited to the particular embodiments of the 
with some embodiments of the present disclosure . The process , machine , manufacture , composition of matter , 
materials and processing steps to arrive at the intermediate means , methods and steps described in the specification . As 
structure illustrated in FIG . 17A may be similar to the 50 one of ordinary skill in the art will readily appreciate from 
previously described embodiment in FIG . 16A through 16D , the disclosure of the present disclosure , processes , 
and thus , the description is not repeated herein . Details machines , manufacture , compositions of matter , means , 
regarding this embodiment that are similar to those for the methods , or steps , presently existing or later to be devel 
previously described embodiment will not be repeated oped , that perform substantially the same function or 
herein . 55 achieve substantially the same result as the corresponding 

In some embodiments , as shown in FIG . 17B , the light embodiments described herein may be utilized according to 
emitting units 510 and the elastic layer 530 are attached to the present disclosure . Accordingly , the appended claims are 
a metal substrate 700. The metal substrate 700 may be intended to include within their scope such processes , 
copper , aluminum , molybdenum , tungsten , gold , chromium , machines , manufacture , compositions of matter , means , 
nickel , platinum , titanium , iridium , rhodium , the alloy men- 60 methods , or steps . 
tioned above or other thermal conductive and electrically What is claimed is : 
conductive metal materials . In some embodiments , the metal 1. A display device , comprising : 
substrate 700 is a shape memory alloy such as tin - nickel a light - emitting unit , comprising : 
copper - zinc alloy , copper - aluminum - nickel alloy . a light - emitting part , wherein a light extraction structure 
Next , in some embodiments , as shown in FIG . 7C , a 65 is disposed on a first surface of the light - emitting part ; 

heating process E is performed on the metal substrate 700 . a transparent structure disposed on the first surface of the 
The metal substrate 700 is expanded after the heating light - emitting part , and comprising : 
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a first transparent layer adjacent to the first surface of the an organic layer having a plurality of nanoparticles 
light - emitting part ; and therein , wherein a density of a distribution of the 

a second transparent layer disposed on the first transparent nanoparticles decreases along a first direction from the 
layer , wherein a refractive index of the light - emitting second surface to the first surface of the light - emitting 
part is greater than a refractive index of the first 5 part ; 
transparent layer , and the refractive index of the first a first transparent layer adjacent to the first surface of the 
transparent layer is greater than a refractive index of the light - emitting part ; and second transparent layer ; a second transparent layer disposed on the first transparent a connective part disposed on a second surface of the layer , wherein a refractive index of the light - emitting light - emitting part , wherein the second surface is oppo- 10 
site to the first surface of the light - emitting part , the part is greater than a refractive index of the first 
connective part comprises a bonding layer , the bonding transparent layer , and the refractive index of the first 
layer has a first material layer and a second material transparent layer is greater than a refractive index of the 
layer , and a surface of the second material layer dis second transparent layer ; and 
posed adjacent to the first material layer and compris- 15 a substrate having a plurality of active elements and at 
ing a concave - convex structure ; least one bonding pad , wherein the at least one bonding 

a protective part surrounding the light - emitting part and pad is electrically connected to the connective part of 
the connective part ; and the light - emitting unit ; 

a substrate having a plurality of active elements and at wherein a refractive index of the transparent structure 
least one bonding pad , wherein the at least one bonding 20 decreases parallel to the first direction . 
pad is electrically connected to the connective part of 7. The display device as claimed in claim 6 , wherein the 
the light - emitting unit ; refractive index of the transparent structure is smaller than 

wherein a roughness of the light extraction structure is 2.4 and mor than 1 . 
greater than or equal to 0.2 um and less than or equal 8. The display device as claimed in claim 6 , wherein the 

25 protective part comprises a first reflective layer covering a 
2. The display device as claimed in claim 1 , wherein the portion of the second surface of the light - emitting part . 

connective part comprises : 9. The display device as claimed in claim 6 , wherein the at least one conductive pad , wherein each of the conduc transparent structure comprises an organic layer having a 
tive pads is separated from the others and adjacent to plurality of vias therein , wherein density of the distribution the second surface of the light - emitting part , of the vias increases parallel to the first direction . wherein the bonding layer is disposed on at least one of 10. The display device as claimed in claim 6 , wherein the the conductive pads and electrically connected to at light - emitting part has a tapered sidewall parallel to the least one of the bonding pads of the substrate , wherein second direction . the bonding layer has a first surface adjacent to the 
conductive pad and a second surface adjacent to the 35 11. The display device as claimed in claim 6 , wherein the 
bonding pad , the first material layer comprises a first connective part comprises : 
component , the second material layer comprises a a conductive pad adjacent to the second surface of the 
second component distributed in the bonding layer light - emitting part , 
non - uniformly , the first component is an alloy , and the wherein the bonding layer is disposed on the conductive 
second component is a metal or an alloy . pad and electrically connected to the bonding pad of the 

3. The display device as claimed in claim 2 , wherein the substrate , wherein the bonding layer has a first surface 
first component comprises a tin - indium alloy , a tin - zinc adjacent to the conductive pad and a second surface 
alloy , a tin - silver alloy , a gold - indium alloy , a gold - tin alloy , adjacent to the bonding pad , and wherein the bonding 
and the second component comprises gold , silver , copper , layer has a first material layer and a second material 
platinum , tin or an alloy combination thereof . layer , the first material layer comprises a first compo 

4. The display device as claimed in claim 2 , wherein a nent , and the second material layer comprises a second 
concentration of the second component decreases along a component distributed in the bonding layer non - uni 
direction from the first surface to the second surface of the formly , and wherein the first component is an alloy , and 
bonding layer . the second component is a metal or an alloy . 

5. The display device as claimed in claim 2 , wherein the 50 12. The display device as claimed in claim 6 , wherein the 
second component has a first concentration at the first display device has a blue pixel region , a green pixel region 
surface of the bonding layer , a second concentration at the and a red pixel region , and the light - emitting unit comprises : 
second surface of the bonding layer and a third concentra a first light - emitting unit disposed in the blue pixel region , 
tion between the first surface of the bonding layer and the wherein the light emitted by the first light - emitting unit 
second surface of the bonding layer , wherein the third 55 has a first dominant wavelength , and the light emitted 
concentration is smaller than the first concentration and the by the first light - emitting unit is blue light ; 
second concentration . a second light - emitting unit disposed in the green pixel 

6. A display device , comprising : region , wherein the light emitted by the second light 
a light - emitting unit , comprising : emitting unit has a second dominant wavelength ; and 
a light - emitting part having a first surface and a second 60 a third light - emitting unit disposed in the red pixel region , 

surface opposite to the first surface ; wherein the light emitted by the third light - emitting 
a connective part adjacent to the second surface of the unit has a third dominant wavelength ; 

light - emitting part ; wherein a difference between the second dominant wave 
a protective part surrounding the light - emitting part and length and the third dominant wavelength is greater 

the connective part ; and than 4 nm and less than 44 nm . 
a transparent structure disposed on the first surface of the 13. The display device as claimed in claim 12 , wherein the 

light - emitting part , and comprising : first dominant wavelength is between the second dominant 
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wavelength and the third dominant wavelength , and the third 
dominant wavelength is greater than the second dominant 
wavelength . 

14. The display device as claimed in claim 12 , wherein the 
second dominant wavelength and the third dominant wave 
length have a difference that is greater than 10 nm and less 
than 50 nm . 
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